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PREFACE

The numerical model investigation of the Richard B, Russell project
reported herein was conducted at the US Army Engineer Waterways Experiment
Station (WES) at the request of the US Army Engineer District, Savannah,.

The investigation was conducted during the period July 1987 to October
1988 in the Hydraulics Laboratory (HL), WES, under the direction of Messrs, F.
A. Herrmann, Jr., Chief, HL, and G. A. Pickering, Chief, Hydraulic Structures
Division, and under the direct supervision of Dr, J. P. Holland, Chief of the
Reservoir Water Quality Branch, Hydraulic Structures Division. This report
was prepared by Mr. Michael L. Schneider, Reservoir Water Quality Branch, and
was reviewed by Messrs, Holland, Pickering, and Mr, Mike Sydow of the Savannah
District.

Acting Commander and Director of WES during preparation of this report

was LTC Jack R. Stephen, EN. Technical Director was Dr. Robert W. Whalin,
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
cubic feet 0.02831685 cubic metres
cubic yards 0.7645549 cubic metres
feet 0.30u48 metres
miles (US statute) 1.60934Y kilometres
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HYDRAULIC ANALYSES OF J. STROM THURMOND RESERVOIR HEADWATERS

PART I: INTRODUCTION

Background

1. The U.S. Army Engineer District, Savannah (SAS) manages water
resources within the Savannah River Basin by the operation of three reservoir
projects; Hartwell Dam, Richard B. Russell Dam (RBR), and J. Strom Thurmond
Dam (JSTD), formerly Clarks Hill Dam (Figure 1). RBR Dam, situated between
Hartwell and J. Strom Thurmond Reservoir (JSTR), is the most recently
completed project. Prior to the construction of the RBR project, Hartwell Dam
released directly into the Savannah River which emptied into JSTR at Trotter
Shoals, some 29.9 miles* downstream. RBR was constructed in the headwaters of
JSTR at Trotter Shoals. The project currently includes a hydroelectric power
plant consisting of four vertical-axis, fixed-blade Francis turbines rated at
75 MW each with a net head of 145 ft at maximum conservation pool and a total

discﬁarge of 30,000 cfs,
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SAS is currently pursuing plans to complete the powerhouse with an additional
four 75 MW pump/turbine units with a rated generation capacity of 7,500 cfs
each, yielding a maximum generation capacity of 60,000 cfs. Each of the four
pump/turbines has a rated pumping capac.ity of 6,200 cfs for a combined pumping
capacity of 24,800 cfs. '

Project Description

2. The releases from the RBR project flow into JSTR located directly
downstream. The RBR project consists of a powerhouse (625 ft wide) adjacent
to the Georgia shore with a spillway section of abou® an equal width (600 ft)
(Figure 2). The tailrace was constructed on a 1:5 slope for a distance of
175 ft downstream of the powerhouse and transitions into the natural head-
waters of JSTR. The channel width of the afterbay region remains relatively
constant within one-half mile of the dam with an average thalweg elevation of
just under 300 ft NGVD* (Figure 3). The channel bed in this region is highly
irregular because of material remaining from the construction phase of the
project. Beyond the half mile mark the channel begins to widen accompanied by
a rapid rise in the average channel bed elevation, Much of this region
becomes dry as J. Strom Thurmond pool drops during low flow periods. The main
channel, which is evident in this region, transitions into a sand flat at the
mouth of the first major embayment in JSTR. This shallow sand bar extends to
about 1.25 miles from the dam where the presence of a main channel reappears
and the thalweg elevation returns to under 300 ft.

Purpose and Scope of Work

3. The bed material deposits in the studj area act as a submerged weir
relative to the hydraulic performance in the afterbay region of RBR Dam. In
1986, generation releases remained in the immediate afterbay region during low
pool condition because of the existing channel constriction and low JSTR
levels, The impact of this channel feature may have a significant influence
on the operation of the completed powerhouse both in generation and pumpback
modes. The potential for severe tailwater pool drawdown during pumpback
operation may occur if upstream flow is constricted sufficiently in JSTR. The
capacity of the pumps may be reduced significantly if tallwater drawdown is

experienced, thereby increasing the time required to pump back a specified

* All elevations and stages cited herein are in feet referred to the
National Geodetic Vertical Datum (NGVD).
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volume of water. The potential for cavitation damage to the pump turbine also
increases as tailwater stages drop. During generation, the shoaling region
may result in backwater effects raising the tailwater pool that reduces the
potential energy available for power production, Given that such hydraulic
conditions would impair the operation of the completed powerhouse, SAS is
prepared to dredge portions of the afterbay. The purpose of this study was to
identify if adverse hydrodynamic conditions will develop upon the completion
of the RBR powerhouse during capacity generation (60,000 cfs) and pumpback
(24,800 cfs). Hydraulic conditions were studied using tailwater elevations
ranging from normal pool (330 ft) to minimum pool (312 ft). If adverse
hydraulic conditions are reflected in these results, a channel configuration
was to be developed to minimize velocities and reduce potential impacts
associated with plant operation. The SAS has concluded that channels with a
1:5 side slope will remain stable if dredging is to be considered in this
region.

4., Any modification to the hydraulic conditions in the afterbay region
must be consistent with the objective of minimizing the entrainment of fish
during pumpback operation., At the initiation of this study, the behavioral
response of JSTR fisheries to hydraulic conditions was in the developmental
stages and could not be used as the basis for designing dredging alter-
natives. It is possible that future findings concerning the behavioral
response of JSTR fisheries could provide additional guidance in the design of
the dredged channel alignment to minimize the entrainment of fish. Many of
the fish protection systems currently under consideration at the RBR project
for the prevention of fish entrainment during pumpback operation are located
in the project's tailrace area. The success of these systems is largely
dependent upon the velocity of the water in the region in which the entrance
to the systems are located., Bathymetric features in the afterbay region could
influence both generation and pumpback flows significantly impacting the
operation of the RBR project and the approach velocity to fish protection
systems. Impacts of varying tailwater elevations on generation and pump-
hack flows in the tailrace region is reported in Schneider.* This earlier

report was limited to investigating the velocity field within several hundred

* M, L. Schneider. 1983 (Oct). ™J. Strom Thurmond Reservoir Headwaters:
Hydraulic Analyses," Memorandum for Record, US Army Engineer Waterways
Experiment Station, Vicksburg, MS,




feet of the powerhouse for steady-state flow conditions. The results reported
herein will supplement prior hydraulic studies by identifying flow conditions
resulting in tailrace stages previously simulated.

5. The approach taken for the study reported herein was to first assess
the existing velocity fields associated with generation discharges through a
field study. Representatives of the Waterways Experiment Station (WES),
Hydraulics Laboratory, with help from the SAS and the WES Environmental
Laboratory, conducted a field investigation of the velocity fields associated
with generation discharges from RBR Dam. This field study concentrated on
describing the far-field depth-averaged tailwater velocities,
6. The second phase of this study involved the use of field
observations to develop a numerical model of the afterbay region of the RBR
project for the prediction of hydraulic conditions at the completion of the
project. Flow conditions during full conventional generation (60,000 cfs) and
full pumpback (24,800 cfs) at tailwater elevations 330, 325, 320, 315, and
312 ft were modeled for the existing afterbay channel configuration. A
one~-dimensional steady-state model entitled HEC-2 was used to determine if
adverse hydraulic conditions should be expected for the conditions described
above. The required attributes of the modified channel to provide acceptable

flow conditions can be analyzed quickly and inexpensively via this model.




PART II: FIELD STUDY INVESTIGATION

7. Depth-averaged steady-state velocities for a high- and low~flow
event were monitored cn four cross-sections in the afterbay regions of the RBR
dam using a Price Current Meter. Four cross-sections were identified normal
to the direction of flow for monitoring purposes. These transacts were
located downstream of major changes in the channel cross section (Figure 4).
Transect A was established at the buoy line approximately 750 ft downstream of
the powerhouse, The succeeding three transects, B, C, and D, were located
downstream of the dam approximately 2,250 ft, 4,250 ft, and 5,700 ft,
respectively. Station markers were located at equal intervals across each
transect to establish monitoring stations.

8. Constant hydropower releases were requested from SAS during the
period of this study, which was conducted the week of 9 February 1987. A
low-flow event consisting of releases of 8,900 cfs was scheduled for the first
two days of this study, while a higher flow event of 12,000 cfs was scheduled
for the final two days. The specific hydroturbines operated to obtain these
flow conditions changed from day to day. The tailwater pool! elevations during
this study were near normal and ranged from 329.8 to 330.6 ft. The monitoring
of far-field flow characteristics was delayed one hour after the initiation of
power generation to allow steady state conditions to develop.

9. The monitoring equipment was rigged on a 24~ft Monark boat. A Price
Current Meter with a digital display indicator for direct velocity readings
and a current direction indicator compass for determination of the direction
of flow were used to establish the flow field characteristics at a given
depth. The current meter and compass were suspended from a boom mounted on
the bow of the boat. A calibrated winch was used to raise and lower the
current meter and compass to the desired depth., Records from the RBR power
plant were used to establish tailwater stage characteristics during the study.

0. The flow patterns observed during this investigation indicated
shifting flow distributions from transect to transect. Transect A indicated
flow directed donstream along the Georgia bank and return flow directed
toward the dam on the South Carolina bank (Figure 5). The predominant
conveyance of flow s3hifted toward the South Carolina side of the channel at
Transect B due to the remains of a cofferdam adjacent to the Georgia bank.

The major component of flow moved back to the Georgia side of JSTR on the
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third velocity transect. This flow movement was caused by a shallow sand bar
located predominantly in South Carolina. Velocities were significantly
reduced on Transect D due to the abrupt expansion in the channel with the
velocities skewed toward the Gecrgla bank. No measurabls fluctuation in the
tailwater stage was observed during these generation flows.

11, Historical records from the RBR powerplant have indicated the
presence of increased tailwater stages during project releases (tailwater
stage setup). The tailwater stage increase is directly proportional to the
generation discharge and inversely proportional to the initial tailrace
stage. Substantial tailrace stage fluctuations during project releases are
more evident during lower-pool conditions in JSTR. Furthermore, higher
project releases will result in greater tailrace setup, the degree of which is
largely dependent on initial stage conditions, The power plant records of
tailrace stages and project releases listed in Table 1 reflect these
relationships. A maximum setup of about 5.6 ft was observed on 18 November
1986 with initial tailwater elevation of 316.65 ft during a 25,600-cfs
release., The maximum setup over a month later on 25 December was only about
1.2 ft for an initial tailwater elevation of 322.4 during a 25,300 cfs

release.

Table 1

Richard B. Russell Power Plant Records of

Project Release and Tailwater Stage

18 November 1986 25 December 1986
Time Flow Tailwater El Flow Tailwater El
(hours) {cfs) (ft) (efs) (ft)
1700 0 316.80 0] 322.46
1800 0 316.80 6,390 322.66
1900 22,130 321.70 23,150 323 .60
2000 25,630 322.40 25,300 323.65
2100 18,720 321.10 10,470 322,48
2200 3,960 317.23 960 322,20
2300 3,960 317.23 0 322.20
2400 o 316.65 0 322.20

12




PART III: NUMERICAL MODEL CALIBRATION

Numerical Model

12. The HEC-2 computer program (CE 1982) was developed for calculating
the water surface profiles for steady, gradually-varied flow in channels, The
program solves the one-~dimensional energy equation using the Standard Step
Method subject to frictional resistance as determined by Manning's equation.
The program can handle both supercritical and suberitical flow provided that
the flow is one dimensional and invariant in time. This model was used to
study the influence of channel features in the headwater regions of JSTR
during capacity pumpback and generation on water surface profiles subject to
various tailwater pool conditions. It was anticipated that the channel
features would become increasingly influential on the resultant water surface
profiles as tailwater conditions approached minimum pool (312 ft).

13. The data required to simulate flow conditions with the HEC-2
program include channel geometry and energy loss coefficients, The channel
geometry was obtained from hydrographic surveys conducted by SAS in the
headwater regions of JSTR during 1986 and 1987. The 1987 survey included
cross-sectional information from the project to approximately one mile
downstream. The transects were spaced on about 250-ft intervals for the first
one-half mile downstream from the project as shown in Figure 6 (L300~-L5000).
Channel geometry beyond one mile from the project was taken from the 1986
survey. The 1986 survey extended the description of JSTR an additional
1.4 miles with transects spaced approximately on 500-ft intervals. The
coverage of cross-sections L5500 through L8000 were extended to the South
Carolina bank by assuming a linear elevation transition from a known transect
elevation to an assumed bank elevation of 315 ft. Aerial photographs during
low tailwater pool conditions revealed little variation in the inundated
extent of JSTR in this region. A total of 25 transects were used to describe
the bathymetric features in the headwaters of JSTR (Appendix A1-A25),

14, The bathymetric features undergo significant change within the
study area. The hydrographic survey data indicate that the location of major
flow constriction is dependent upon the tailwater pool level. The channel
width (1150 ft) and thalweg elevation (300 ft) remain relatively constant from
the project (L300) though Transect L2000 (Table 2). The minimum elevation on

Transect L300 reflects the excavation of the tailrace. The bathymetric

13
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features in the first one-third mile downstream from the project are highly
irregular, indicating the bed material may bc composed of larger sized
particles that cannot be transported farther downstream by project releases.
A considerable amount of material appears to have accumulated on Transect
L1500 as indicated by the significant reduction in cross-sectional area at
normal pool conditions as compared to adjacent transects. The presence of a
deep channel also becomes apparent at Transect L1500. This channel proceeds
downstream adjacent to the Georgia bank for the next 1,000 ft.

15. Beyond transect L2250 the average channel width and elevation
increases significantly, thereby reducing the available conveyance area during
normal pool conditions. The channel bed becomes much more continuous
throughout this region indicating finer bed material, which can be transported
during certain periods of project operation. The widening of the channel may
have prompted the deposition of sediment in this region prior to and during
the construction of the RBR Dam much like the formation of a delta at a river
mouth. Significant sediment deposition in this region has ceased since the
establishment of Russell Lake. The narrow, deep channel on Transect L2250
transitions into a relatively broad shallow cross section of uniform elevation
on Transect L5500. The largest accumulation of material occurs between
Transects L3000 and L4000 where the hydraulic depths are only 10.1 ft and
7.6 ft, respectively at normal pool conditicns.

16. A main channel adjacent to the Georgia shore reappears
approximately 1.25 miles downstream from the project (L6500). The thalweg
decreases linearly throughout the remainder of the study area., A major
contraction occurs at Transect L8500 followed by an expansion into the second
major embayment in JSTR. The navigation channel migrates to the South
Carolina bank south of the contraction. The study area ends just north of the
Russell Creek tributary.

Numerical Model Verification

17. The Manning's "n" coefficient is generally determined by
reproducing a known hydraulic grade line throughout the study region. Stage
information within the study reach is limited to the powerhouse records of
hourly tailwater pool during conventional generation. During the field study
investigation, the steady generation of about 12,000 c¢fs at normal pool
conditions resulted in no significant fluctuation in the tailwater pool. The

determination of the frictional resistance in the form of the Manning's "n"
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was therefore based upon modeling events observed during the 1986 calendar
year. A total of 19 separate flow events with various initial tailwater
stages and generation flow rates were modeled. The flow characteristics and
date of each event are shown in Figure 7. The frictional resistance in the
channel was adjusted by comparing the observed tailwater setup to the
calculated tailwater setup. The selected Manning's "n" value of about 0.03
was chosen as providing the best fit to the observed data for existing channel
conditions. The validity of the chosen frictional resistance for a wide range
of flow conditions is illustrated by the plot of observed and calculated
tailwater setup in Figure 8. The contraction and expansion loss coefficients
used in this study were 0.1 and 0.3, respectively.

18. Results from the field study revealed regions of recirculation
during generation flows., This flow feature was introduced into the
one-dimensional simulations by defining an effective flow area on
cross-sections near the dam. These flow characteristics were not expected to

be present during capacity pumpback flow conditions,
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PART IV: NUMERICAL MODEL SIMULATION OF EXISTING CHANNEL

19. Capacity generation of 60,000 cfs was simulated using the HEC-2
model assuming JSTR pool elevations of 330, 325, 320, 315, and 312 ft. The
model determined the resultant tailrace pool level which would provide
conveyance of this flow rate during steady-state capacity generation
conditions, Since the hydroelectric generation at RBR is scheduled to meet
peak power demands, steady-state flow conditions resulting from generation
flows throughout the study area may not be a frequent occurrence. Flow
conditions within one mile of the dam should, however approach steady-state
conditions after several hours of capacity generation based upon time of
travel estimates for existing conditions. These simulations provide an
opportunity to evaluate the backwater effects to be expected during certain
flow conditions, Any pooling of water in the tailrace region would reduce the
effective head available for hydroelectric generation. The water-surface
profiles for these five simulations are illustrated in Figure 9.

20. The backwater effects for capacity generation became significant
when JSTR levels dropped below elevation 325 ft. When reservoir levels were
above elevation 325 ft, the existing reservoir chaﬁnel could convey the
60,000-cfs release without significantly influencing the water surface. As
the reservoir level dropped below elevation 325 ft, the tailrace pool
elevation remained almost constant due to the downstream shift in flow
control. The most significant gradient in the water-surface slope occurred at
Transect LUOOO for pool elevations below 325 “t. This shallow region acted as
a weir causing water to accumulate in the tailrace region.

21. The average channel velocities during capacity generation can be
expected to exceed 2 fps throughout much of the study area for all pool
conditions modeled. For normal pool conditions, the average cross sectional
velocities were greater than 2 fps within a mile of the RBR Dam with a maximum
velocity of 3.5 fps on Transect L4000. As the JSTR level dropped, the
corresponding velocities increase significantly. The maximum velocity almost
doubled on Transect L4000 as the pool level in JSTR was dropped from 330 ft to
elevation 325 ft, When the reservoir level dropped below 325 ft, critical
flow conditions devéloped on Transect L4000 in order to convey the capacity
generation flow rate of 60,000 c¢fs. It is highly unlikely that these high

20
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velocity conditions would develop in the headwater regions of JSTR without
significant local scour occurring. Degradation of the channel bed in this
region would reduce channel velocities until a stable channel alignment has
been reached. Geological borings of the reservoir bed have revealcd an
erosion resistant bed rock located well beneath the thalweg of the existing
channel. It is possible that the natural degradation expected in the head-
waters of JSTR, as a result of the change in the flow regime, could
significantly increase the channel capacity thereby reducing or eliminating
tne need for dredging. Estimation of the sediment transport throughout the
study area was beyond the scope of this study. The longitudinal velocity
profiles for capacity generation for modeled conditions are shown in

“igure 10. These velocities represent average cross-sectional properties,

22. Capacity pumpback of 24,800 cfs was simulated using HEC-2 model
assuming tailrace pool elevations of 330, 325, 320, 315, and 312 ft. The JSTR
level was determined which would provide conveyance of this flow rate to the
pumping station at the Dam. These simulations provide an opportunity to
evaluate the degree of drawdown to be expected during certain flow
conditions. This drawdown will cause a greater use of resources to pump back
a given volume of water,

23. The capacity pumpback simulations for pool elevations 330, 325, and
320 ft resulted in only minor effects to the tailrace stages. The effects of
draw down in the tallrace area became significant only when JSTR levels
dropped below elevation 320 ft. Under these flow conditions water was pumped
out of the tailrace region faster than it could be replaced by water from JSTR
resulting in tailrace drawdown., Under some conditions, the tailrace pool
continued to drop until it became unfeasible to operate in a pumping mode,

The water-surface profiles for these five simulations are illustrated in
Figure 11,

24, The average channel velocities within a mile of the dam from
capacity pumpback exceed 2 fps for JSTR pool levels below elevation 325 ft.
The maximum velocity of 3 fps occurred on Transect L4000 for capacity pumpback
at pool elevation 325 ft., The average channel velocities exceeded 2 fps
throughout the region bounded by Transects L1500 through L5000. The maximum
velocity more than doubled when the tailrace stage was lowered to elevation
320 ft. Critical flow conditions developed on both Transects L1750 and LL0O0OO
for JSTR pool conditions of 315 ft and 312 ft. Continuous draw down of the

22
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tailrace pool is anticipated for JSTR pool conditions approaching minimum
levels. The longitudinal velocity profiles for capacity pumpback for modeled

conditions are shown in Figure 12,

25
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PART V: NUMERICAL MODEL SIMULATION WITH CHANNEL IMPROVEMENT

Channel Improvement

25. The anticipated hydraulic conditions associated with capacity
pumpback and generation flows with the existing channel configuration will
significantly limit project operation, The following section outlines
criteria for improving the capacity of the existing channel. For the purposes
of this investigation, the minimal target velocity chosen as a basis for
channel modification was 2 fps. This velocity objective was identified as
being realistically obtainable through the channelization ofthe RBR tailrace,
and is therefore referenced for anaiytical and comparative purposes., The
minimum amount of excavation to reduce velocities to less than 2 fps during
capacity pumpback can be estimated assuming level pool and average velocity
conditions. An estimated excavation volume was calculated by averaging the
excavation areas required to reduce velocities to 2 fps on adjacent cross
sections for a given pool elevation and multiplying by the distance between
the cross sections. The calculated excavation volumes to reduce approach
velocities to 2 fps or less for capacity pumpback of 24,800 cfs for various
JSTR pool elevations are shown in Table 3.

26. The relationship between excavation volume required to maintain
average velocities less than 2 fps during capacity pumpback flows and JSTR
pool elevations can be broken up into three regions. For pool elevations
ranging from 330 to 327 ft, little or no excavation is required to meet the
velocity ceiling. The second region encompasses pool levels ranging from 326
through 321 where removal of about 116,000 cubic yds of material will enable
an addition foot drop in reservoir level to occur without average velocities
exceeding 2 fps. The final region applies for all pool levels below 320 ft
where excavation of about 257,000 cubic yds of material will enable an
additional foot drop in reservoir level to occur before the velocity target is
exceeded.

27. An estimate of the improved channel dimensions can be determined by
assuming a trapezoidal channel cross-section with side slopes of 1:5. The

area/stage relationship for this channel section is as follows:

A = BX + 5X°

27




Table 3
Total Excavated Volume of Material Required
to Achieve Velocities Objectives for Various
JSTR Pool Levels

JSTR Pool Volume of JSTR Pool Volume of
Level Material Level Material
(ft) (1,000 cu. yd) (ft) (1,000 cu. yd)
311 3192 321 732
312 2880 322 619
313 2605 323 511
314 2396 324 400
315 2159 325 282 .
316 1927 326 164
317 1674 327 46
318 1392 328
319 1106 329
320 882 330
where

A = Area (sq ft)

X = Stage (ft)

B = Bottom width (ft)

If the continuity relationship Q = VA is solved for area in terms of the the
design pumpback flow rate divided by the target velocity, the equation is
reduced to an equation of two unknowns (B and X). From this relationship,
specifying the design stage will yield the corresponding bottom and top width
of the design channel. Several design channels sufficient to meet study flow
objectives are listed in Table 4.

28. The limiting condition for meeting velocity objectives occurred
during capacity pumpback flow at minimum pool conditions. The design channel
that closely matched the existing width of JSTR within the study area is a
trapezoidal channel with a bottom width of 800 ft. An excavated channel
invert at 298 ft would be required to maintain a depth of flow of 14.2 ft
during minimum pool conditions in order to meet flow objectives., This would
require a channel top width of at least 1,122 ft at normal tailwater pool

conditions,
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Table Y4
Trapezolidal Channel Dimensions to Meet Study Flow Objectives

Channel Top Channel Top

Stage Channel Bottom Width @ Minimum Pool Width @ Normal Pool
(fL) Width (ft) (fr) (ft)

8.6 1400 1486 1666

9.9 1200 1299 1479

1.7 1000 117 1297

14.2 800 942 1122

18.0 600 780 960

29. The proposed channel improvement consisted of a trapezoidal
channel, excavated to an invert elevation of 298 ft, with a bottom width of
800 ft, and extended from Transect L750 through Transect L6500 was modeled for
capacity pumpback conditions at JSTR pool elevations of 330, 325, 320, 315,
and 312, The northern limit of the channel improvement was established 6n
Transect L750 because of limited channel capacity (Figure A3). The excavated
region was extended through transect L6500 based upon preliminary simulations
of capacity pumpback flow. The natural invert elevation of 308 ft on this
Transect resulted in velocities greater than 2 fps during minimum pool
conditions despite a relatively wide channel width., The channel improvement
is centered between the Georgia and South Carolina shores in the northern half
of the excavation region. The southern end of the channel improvement tends
towards the Georgia shore in order to tie into the existing channel
(Figure 13).

Predictive Numerical Model Results with Channel Improvement

30. The removal of bed material from JSTR is expected to change the
frictional resistance of the channel. The proposed excavation would remove
much of the cobble and boulder sized material remaining from project
construction and vegetation cover that has developed over much of the study
region. Also, the energy losses assoclated with channel form would be reduced
by straightening the channel alignment and removing the crest of the deposits.
The resistance of the improved channel cannot be dgtermined analytically.
Therefore, both a high and low channel resistance coefficient (0.02, 0.03)
were employed throughout the remainder of this study. These figures were used

29




Proposed channel improvement

Figure 13,
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to bracket the anticipated response of the proposed channel improvements to
the hydraulic conditions under study. The worst-case scenario involving no
change in the frictional resistance of the channel (n = 0.03) are discussed in
the body of this report while the projections assuming a smaller frictional
resistance (n = 0,02) are included in Figures B1-B20.

31. The proposed channel improvement resulted in favorable flow
conditions for all tailwater pool scenarios under capacity pumpback
conditions, The water-surface profiles generated for all reservoir stages
indicated no significant draw down in the tailrace area (Figure 14). The
velocities throughout the excavated region approached 2 fps as the reservoir
level approached el 312 ft (Figure 15), Velocities exceeding 2 fps were
predicted to occur at the contraction between the two major embayments and
just north of the excavation area. Additional excavation in these areas would
be required to reduce approach velocities to 2 fps as JSTR levels approached
minimum pool conditions, The proposed channel thalweg throughout the study
area was much more uniform than existing conditions, The excavated volume of
material associated with the proposed channel improvement was in excess of 3.3
million cubic yards.

32. The proposed channel improvement modeled under capacity generation
conditions resulted in only minor backwater effects in the tailrace region
(Figure 16). The tailwater stage was 4,5 ft higher than the minimum reservoir
pool conditions during these flow simulations. The tailrace stage rise was
less than one foot for all reservoir stages greater than 320 ft., The average
cross-sectional velocities remain under 2 fps for reservoir stages greater
than 320 ft with the exception of the contraction between the two major embay-
ment and the area around the buoy line (Figure 17). For reservoir levels
below 315 ft, the méximum channel velocity during capacity generation exceeds
4 fps.

33. Four additional alternative channel configurations were
investigated for capacity pumpback and generation conditions to determine the
trade-off between excavation volume and resultant flow conditions. The
alignment and width of the proposed channel improvement remained identical to
that described in paragraph 30. The channel invert was varied in each
alternative to correspond with elevations of 300, 305, 307, and 310 ft.

34. Reducing the extent of the channel improvement by raising the

channel invert resulted in increasing the velocity field for capacity pumpback
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flows. Apprnach velocities exceeded the objective of 2 fps for some JSTR
stages greater than minimum pool. The resultant flow conditions for the
trapezoidal channel improvement with an invert elevation of 300 ft were
similar to the 298-ft channel improvement. The water-surface slopes for all
conditions modeled were smail (Figure 18). Velocities exceeded 2 fps only
when the JSTR pool elevation was dropped to elevation 315 ft or less

(Figure 19). The total volume of excavation associated with this channel
improvement was 2.8 million cubic yards of material. For channel excavation
to elevation 305 ft, water-surface slopes were small except at a pool
elevation of 312 (Figure 20). Approach velocities began to exceed objectives
when the JSTR pool fell below elevation 320 ft. At minimum tailwater pool,
velocities approached 4 fps throughout the region one mile from the dam
(Figure 21). A total excavated volume of 1.9 million cubic yards of material
was required for this channel improvement. Dredging the afterbay channel to
elevation 307 ft resulted in close to ideal flow conditions for tailwater pool
elevations above 320 ft. Several feet of drawdown were modeled for reservoir
levels below elevation 315 ft (Figure 22). Approach velocities as high as 5
fps were calculated for minimum tailwater conditions (Figure 23). The channel
improvement alternative would require the removal of 1.50 million cubic yards
of material. The final channel design studied involved excavation down to
elevation 310 ft that resulted in removal of 0.98 million cubic yards of
material. Again, drawdown was evident for the two lowest pool elevations
tested (Figure 24). Approach velocities exceeded 2 fps when the JSTR level
dropped below elevation 323 ft (Figure 25). Severe flow conditions developed
for this alternative when JSTR pool levels approached elevation 315 ft,.
Significant tailrace drawdown and approach velocities exceeding 5 fps were
identified for these flow conditions. The cumulative excavated volume as a
function of distance from the dam is listed in Table 5 and illustrated in
Figure 26 for the five alternative channel improvements studied.

35. The influence of alternative channel improvement designs on
capaclity generation were investigated for reservoir pool elevations 330, 325,
320, 315, and 312 ft as shown in Figures 27-34., The tailwater pool setup was
less than 2 ft for all channel designs with initial reservoir pool elevations
greater than or equal to 320 ft. The tailwater pool setup associated with
minimum reservoir pool conditions ranged from 2 to 10 ft with greater channel

excavation resulting in smaller backwater effects., Average channel velocities
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Figure 26. Cumulative excavated volume of channel improvement
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ranged from 1 to 2 fps at normal pool conditions and from 2.5 to 8 fps at

minimum pool conditions throughout the channel improvement region.

Table 5

Cumulative Excavated Volume of Channel Improvement

Excavated Volume in 1,000 cu. yards

Distance Invert Invert Invert Invert Invert
Miles 298 300 305 307 310
0.0 0 0 0 0 0
0.09 0 0 0 0 0
0.13 0 0 0 0 0
0.18 0 0 0 0 0
0.23 110 92 50 35 20
0.28 227 192 112 84 50
0.33 342 291 171 129 75
0.37 450 383 228 172 101
0.52 860 Tu2 u67 366 231
0.71 1561 1364 898 724 481
0.93 2238 1958 1291 1039 682
1.03 2528 2211 1453 1167 761
1.16 2945 2579 1704 1372 899
1.24 3200 2803 1853 1492 977
2.39 3200 2803 1853 1492 977
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PART VI: CONCLUSIONS AND RECOMMENDATIONS

36. The following study findings are a result of the the field study
and numerical model investigation of capacity pumpback and generation flows
from Richard B. Russell Dam in the headwater regions of JSTR. Backwater
effects during capacity generation will raise tailwater stages and reduce the
effective head available for hydropower generation when JSTR levels drop below
elevation 325 ft for the existing channel configuration. There is a high
probability that some bed material will scour during this flow event. The
extent of sediment transport during capacity generation flows was outside the
scope of this study. It is recommended that the sediment transport
characteristices in the headwaters of JSTR be further investigated because of
implications with the proposed dredging plans and subsequent operation of
pumped storage. The potential may exist to promote significant scour in
portions of the headwater regions of JSTR, thereby reducing the extent of or
eliminating the need for dredging.

37. The existing bed configuration will significantly influence flow
conditions during capacity pumpback events. When JSTR levels drop below
elevation 320 ft, the tailrace will begin to éxperience significant draw
down. As the JSTR level approaches minimum pool, the location of flow control
will change resulting in a continuous depletion of water in the tailwater
region. The resultant drawdown may proceed to the point of impacting pumpback
operations. The target velocity of 2 fps is reached when lake levels fall
below elevation 325 ft. These preliminary results will need to be reevaluated
if significant bed movement takes place during project operation.

38. Improvements in the hydrodynamic properties of JSTR headwaters can
be achieved through channel excavation. A trapezoidal channel with a bottom
width of 800 ft and an invert elevation of 298 ft, connecting Transects L750
and L6500, will reduce the maximum pumpback velocities to 2 fps during minimum
pool conditions, This channel configuration would generally eliminate both
the setup and draw down of stages in the tailrace region during capacity
generation and pumpback. Constructing this channel improvement would require
3.3 million cubic yards of material to be removed from the study area. The
alternative channel configurations explored in this study require less

excavation but result in higher channel velocities,
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APPENDIX A: CHANNEL CROSS SECTIONS
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APPENDIX B: WATER-SURFACE AND VELOCITY PROFILES

B1




(Z0°0 = U) 33 g6z UOTIEARDX® ‘S3IO 0pg‘Pz = O oeqdund
ATOAI9S9Y puoculnyy, woals 103 so11joid soejins-iojem *19d 8anb14

S3ITTIW 3ONVLISIa

- R 2 o'y (-] 0°€E (-3 o2 S'3 (3 4 -} 0°0
—Ith-FLP--\PP--L-L-P-.-LD--b-P-\-—Lb-—bh- 0l2
DIMIVHL ﬁ
i |
...... 2
he o= o
O3IMIVHL TINNVHO sz¢c - |
Ldoce IOVHIVL ﬁ
NOILVATT3 100d ¥3ILVYMUYL {
WOAYISIY GNOWUNHL NOYLS 062
9
3
LOOE
B~ v
[
ﬁb«n
..................................................... -S|
llllllllllllllllllllllllllllllll v - - - - Aﬁ
—_— - - - - - - - ——102€
- &

TATIIOVAUNS WLV

1334 NOILVA33
B3




4
—rlP

P

0

(20°0 = U) 33 867 UOTIEAROX® ‘SIO 00g’pz = O yoeqdund
AToa19s3y puomanyl woils 103 sartrjoad A31oorep  *zg aanbrg

S3TIW 3ONVLISIA

14 S°€ 0°'€ s'e o°e -~ 2 o'y N 0°0
P

-\-hP-LP-Ph-bebb—-rh-—-bp

T e T
lg ST T O DVHIVL

-~ -

HAt -~ e----
4O = « = = - -
1402 = - ——
14628 = —— —
140¢¢C
NOILYAITI 100d ¥ILYMTIVL
HOAMIS Y GNOWNKHL WOULS

a8 s 4 2 o L s 4 4 . 10"

Sdd ALIJO03A

B4




(20°0 = U) 33 00€ uoTIRARBDXD ‘S3ID (08’'PZ = O Noeqdund
AT0AI8S8Y pucuanyl, woals 103 sor1joad soejans-io3eM ‘*¢d aanbt g

S3TIN 3IONVLSIA

L 4 o' 8°'s 0°s 8's o2 a8t o's 8 0°0

-,'bvlb-bbv’-blbnniLID-rbbn--:-LP.».-P.[-[-.-:\N

OIMTIVHL ———

43¢ cecweao. .o

1402€ o= — -
OIMIVHL TINNVHO 1482 @~ —— —
14060 @ ——

RvyavL

NOILVYA3T3 100d ¥ILVYM VL
WOAYISIY GNOWUNHL MOULS

B> |
!

V-n
e R i I TS -G EDEDE o Ee e e wa e h ....... * p
............................ N - - - - Av
|
- —_— — —]
b

= '~
BATTIIOVIUNS WILYM (
[

love

B5

1334 NOILVA3T3




]ll‘

(200 = U) 3F QO¢ uoTIRARDXD ‘S3ID (008‘tz = O oeqdund
ATOA19S9Y pucuanyl woils Io3j seyrjoad A31oorlep  °pg oanbig

S3T1IW 3ONV.1SIa

- 4 o'y 8°'S 0°S 8°'e L+ - I J o' e° 0°0

plb-r’-bbb--.Pb-LLLL\P-hbnb---LP*PrnhkpbbthD-o

30VEIVL

. ’ APRA ] [} ‘e
] ¢ . \\v\ . “r
' ;! T L P AR I |
"
-o .- [] -“1
[ .f:
v’ ' jos
'
sl
v
Y]
wl
wi
14A€C ec-rccae.- g .
1481€ = = - = « =  JO°¥
14026 — = —— 't
1462¢ @~ —— @ — s
140¢c b
NOU VAT 100d WOAHISIY ]
WOAUISIY GNOWSNHL NOULS L0°S
L
S
!
2
L0 9

Sdd ALIJ0T3A

B6




\I‘\‘

(z0°0 = U) 33 GOE UOoTIeARDX® ‘S30 (08‘yz = O oeqdumd
IATOATOSSY puouInyl woIls 103 sor1joad aoejans-i193em ‘g danb1J

S3ITIN 30NVLISIAa

- 4 o'y 8°C 0 82 o-2 87 o'¥ - 0°0

P-DPDPDDDD--h-hLlh-Phr.-Pl-lL-

NP PSP S 1. 72 )

DIMTVHL

DIMIVHL TINNVHO 140¢¢

NOILYA313 100d ¥3alymuvl
WOAYISIY GNOWUNHL NOYLS

30vyvL

—p—r—
1)
-
n

v

BATTIDVAUNS WILVYM f

1334 NOILVA3T3

B7




]llllllllu:l

(20°0 = U) 3F Gof uUoTIRARDX® ‘83D (0p8‘bz = O oeqdund
AToadeSay pucuany] woils 103 sat1joad A3100T8A °9g 2ianbig

S3TIN 3ONViSIa

hmaa s b a0 o ). . . . 100

e NN TN

-. - -- -o . " ‘e
) ’ M * » <
' s~ .. " ) . ' _.—.-
' . [ .l ¢ . LN ..... r
v . ’ v Y, o
] * R [] ...f.ﬁ o
* - (] .
.. -." by y l0°¢ (]
' ) ... ' ﬁ -
] )
. AN Qv u M <
. , N 2 V0 L !
~ - . ¢ Y —s. " M
% ¢ 4t ".. 3 D
Har  ----o-... Iiln~ ' [ ] b.' S
1481 - - - - - o M |
1402¢ = - .
148%€ = — ——
1do0¢ee !
NOLLYAIT3 100d ¥31YMIYL nn -
WOAUISTY ANOWUNHL MOYLS
p
0°Q

B8




(2070 = uU) 3F L0€ uoT3IRARDX® ‘SID (08‘bz = O oeqdund
ATOAJ9SsY puocwaInyl, woIls 103 sar1joad aoepjans-Isiem °*,g 2anbig

S3ITIN 3AINVLISIO

18 - - - - o .
14026 — — e
DAMIVHL TINNVHD 14626 - — ——— vaavi
13060 ———
NOILYATITI 100d ¥3LVM VL
WOAUISIH GNOWHNHL NOULS

1334 NOILVA3T3

TAINIOVAUNS WILVM 1

B9




;

(20°0 = U) 33 L0€ uoTIRAROX® ‘SID (008'}Z = O soeqdund
A10AI8s8Y puowanyy woa3s 103 serrjoad A3rToorep *gd aanbryg

S3TIN 3ONVLSIO

s'r - 4 g8°'€ I 88 o'z 83 o'y 8’ 0°0

-bb-IL-i--b}L»PPPLblinD!b-ban-l

-..-LLbib\bLbbLo

30vywwl

L2

‘. R -"

... ) n ....4

' e ¢ [ .“o“T
Voo I o

. ¢ ] -s... ..u h

.. . * PR | ", {

' o * - Py 9,
' .. o. P u .... b
]
" R .. v by o
L ¢ \ e 08 v 0

L4BE = mmm e LY \ M .-.. [} S

H49€ - - - - - - \ doae

14028 — - — ) A |
1462 = — — N T 8

131066 — e 0 1

e *
NOLLVAIT3 1004 ¥I1VMIVL * ﬁ
WOAYISIY GNONUNHL NOYULS

0

3

P

3
LL

B10

Sdd ALIJO3A




(Z0°0 = U) 33 0T uolIeaedxa ‘s3D 0pg‘yz = O oeqdumd
1TOAJ9SSY puouwinyl woilg I03 soyrjoid avejans-ioleM “gd 9andb1Jg

S3ITTIW 3ONVLISIA

oy S°€ 0°€E - ag-e >3 2 (8 2 < G 0o'o
—h’hL-Ir---Lk-hll.b--Pr-hbf-hkank—LhL .o'?‘ﬁObN
9
OIMIVHL !
B T
146€ - ~ - - - o
HE T — o=
O3IMTVHL TINNVHO - —— f
130t¢ VYIVL ]
NOILVAIT3 100d 431YMAVYL
HWOAYISIY ANOWENHL NOYULS 62
o€e
B—p
41
PRS- S
llll.\'lll.‘.'lll.\.’lll.‘-flll.l.'lll.\’lll‘-flll.\’lll.‘nflll.u-ll - v
—_— - - - - - - - 5= - cE
0
= €€

VAN IOV AUNS WILVM

1333 NOILVA3T3

Bll




- AD-A210 164 -HYDRAULIC ANALY
HEARDWATERS(U) ARMY ENGINEER WATERWAYS EXPERIMENT
1 STATION VICKSBURG MS HYDRAULICS LAB M LS CHNEIDER
' UNCLRSSIFIED JUN 89 WES/MP/HL-89-2







u) 23 1€ UOTARAROXT 1530 008°'YC =

(20°0 =
1102959 puouInyL WOXAS 103 set13oad ktooten 018 2anb1d
s3I moz,q.rmHD
a'v &€ 06 -3 o'e &3 o't
- o ..hl:.unn\u..nlh.!.l..l.un/'l‘ =
....\..n\;.n.n..n-\\ ~\—/ \t-,/.,/ _—
\ P .
R \ —_— N
AN

-

o¥

Sdd ALIDOWBA

Bl2




o ————————E—EE————_—_——_—_—, L ———

(2Z0°0 = U) 33 86Z UOTIBARDX® ‘SID (00‘09 = O UOTIRIBUSD
ATOAI8S8Y pucuanyg, woIlys Ioj sorryoad aoejins-iejeM 114 aanbiy

S31IW 3DNVISIO

N o'v S°€E 0°€ ge o'z -3 0% G° 00

| Y P | WOy 1 A a1 4 4 L. a2 2 4 | Y T | A A 078

s

OIMIVHL {

J4C cccecmecwa b
1461€ - = = -« - < 082

14026 — - ——

19§26 - —— —o DIMIVHL TINNVHO [

YHIWVL 14000 ———— f

NOLLYAIT3 100d WOAYISTY -
WOAUISIY GNONINHL WOULS lo62

ﬁ m
1 r
[ m
o0oe 3 «
»> [ - =
[ o
13 Z
............................................... E-----"-1 .,.u_
................................ a- - i
— _ - - - - - — - {oze =
- e ]
.Y —

TIAFTIIIVIUNS WIYM




(Z0°0 = U) 33 8pT uoTiIRARBDXD ‘SIO (00‘09 = O uorleasuad

A10AI9S9Y pucuanyl woils Ioj serryoad A31o01eA  *z1g 2anbig
S3TIW 3DNVLSIAa
S°€E 0°€ g'e o2 Sy 0%

--L-P-bp-hpbnka-

Erolf )]

ML et 1
-

- ~
-aT
’
\
g
4
\
!
’
'
[]
'
$
A
A
-
.
-
-
-

'

:

' L3
Pose
¢ 1oz
. sz
’

]
]
]
1
’

- e e e e -

140¢¢

NOLLVAITA Y00d WOAYISIY
WOAUISIY ONOMRINHL MOULS

Sdd ALIDO0N3A

Bl4




A5

= o13easuab
‘0 = U) 33 Q0f uoT3esedxe ’‘s3O 00009 O uot !
uﬁo>hmw%w% puouany], woils IoJ so7130ad 80rJANS-I93BM €149 @2anbtg

S3IW 3ONVLISIO

sy o'y - 0°C s's o' e’y oS 8 0°0
[ PSP T IiPLDiI.bDDL.ILPD.FD&I!DIn”ibb’-llbl\bLlLb h.
0IMTIVHL ﬁ
& ST f
BRE — - —— Ton
146%€ = —— — OIMIVHL TINNYHO
DvyIvL 1406¢ —m—m———
NOU VATTI T00d WOANISIY ﬁ
WOANISIY GNOMINHL NOULS oss
3
-
WaAN S
.00 <
>
= !
v )
[ 4
ﬁo.-ﬂ
ll-l‘\ llllllllllllllllllllllll u llllllll w y-
“l“llll.l ............................ yl - ﬁ 3
-
]
- a
3
& .__nn
TIAT 2DVAUNS AILYM !
LOvE




(ZD*0 = U) 2F 0NE uoTIRARDXD ‘SID Q00‘09 = 0O uotrieaausb
ATOAIDS®Y puowinyl woals Ioj serrjoad A31ooTap  *vld aanbtg

S3TIN 30NVLISIO

8 o'r g€ 0o°¢ 83 o3 8°'S o't 1N 0°0

rﬁbrlbirb‘-bl-r.blrrbblbb\bii-\Dnbb-ilbthLbh-Pb°

VYIVL

m
1
o o ©
¢’ e L AR ) ! 2 m
WL T r  H
. S - LY ’ s [ l
" ﬂsc\-\oo \\s -o .- - . . .. <
’ . - ' . [} . . ]
L4 ce- [ . ' n
S i . M,
.® e Y R
X v (7
..\ .. . 148C ecrccmeceeaa
K v 14816 ~« - - - - -
'n . ¢ 1402 = ~ ——— L9
-. . '] 148C¢ - ee——  ESe———
... . .. 140¢¢C
.
¢ ' f  NOUVAITI 1004 HILVMIVL
* e WOAUISIY ANONWINHL NOYLS |
(W]
.-. {




I e

(2Z0°0 = U) 33 SnE uoTIeARDXD ‘SJO (00009 = O uorjeiIBULD
ATOATISTY puouINy], vioI3s I03 So7T1joad eorjans-aajzeMm °g1d ainbtyg

S31IW 3ONVLSIAa

sy o'p -N 0'€ Q2 o2 (-3 ] o's [ 0°'0
| S 1 _a A a1 o " 1.4 a1 2 2 a1 P a1 P 1 a b . . \N
s
W
DIMIVHL I
14AC ~ccacmaa- o
1396 = = = = = - [
13026 =— = —m—— DIMIVHL TINNYHO
14876 - —— —— {
IVHIVL 140¢¢e v
NOLLYAIT3 100d WOAY3SIY 062
WOANISITY ONOPRINHL NOULS !
{ m
] r
2
l00E
l >
- -~
f 4
[ o
T3 <
................................... . S | mn
S - A A I - S . qﬂ
- . - = b l
_ _ _ - - - - n~ - llafﬂomn
— J —_—— ll'lv
- oce
TIATI 30VAUNS YILYM i
1
love

B17




o

U) 13 GOE uoT3RAROX® ‘SID (N0‘09 = O uoT3IRIBUD

(¢0°0 =
ATOATBSaY puouInyy, woxls Joj sarryoad A3TooTap  *919 aanbig
S3ITIW 3ONVLSIA
Sp o'y S°E 0'E §'2 o-e Sy oS -} 0°0
-rPL--bbL.h»-b!PLP-DLP.—’PhPPbL-bn—-.P--LD

IVvyavi

o
Sdd4 ALIJOT3A
B18

. ]
* I
J4AC ccmcncaaa !
H9E - - - - - -
14028 = =  ——— |
1462¢ = — ——
140¢¢ ‘
NOLLYAIT3 Y00d WOAUISIY -0t
WOAUISIY ANOPRINHL NOULS |

L2y




\I"I'Illlr

0
(zo°0 = U) 33 LOE uotiesedxe ‘S30 000°09 = O UOTIIRIBUD
ITOAISSSY puouinyl, woIls a0y saTl joad eoejans-io3eM *[14d aanb14

S3IN 3IJNVLISIQ

a'y o'v - 3 o't 8's o°'s 8t U IR -} 0o°0

NP IS W B BN SRl RN SR DY T oce
cwp»m_-ﬂzh ——— ﬁ
.—um_M llllll
1402 — o —— .s
3oVl HXE = - —— OIMIVHL TRNYHO |
140¢€¢€
NOLLYAITI 100d MOAYISIY
WOAAISTA GNONRINKL NOULS
[ m
1
[ m
oos <
3 v (<)}
B> ry =
[ -
o
r:u Zz
\'-ll".‘ ....................... "lh"..‘-lAn d
lll“l““\l llllllllllll l-'-'llul-‘ln- ﬁ
PRPTTY A Ak m
—me— - - - - - - M -
- o
3
m b
TIATIIOVAENS YIALYm f
LOre




(z0°0 = U) 3F LDE UOTIRARDXD ‘530 00009 = O uotjeasusb
IT0AA8SaY puouInyy, WoIls o3 sor1302d A310018A °818 aanbtya

S3TINWN 3ONVLISIO
e's o's 8 oS 8" 00
0

- 4 o'y '€ o'
ettt b A a2 ) a2 a2 % 2 2 2 2 8 2 a2 a2 a R a2 a2 a a

b a2 0 2 2 2 2 0

A AL R |
# ¢“ QQQ oo [ o- -. T.
L} \s [ I ] . . N . f
Se 4 v, . !
LI Pl . o0 .. v
*ut [} M .
[ N 4
s
’ I.
L
1 ] ’ ﬁ
1 ] ’ |
.
8 HE oo .
s, 448 e & ® ® = =
" 10 — =~ e 0%
Y 13628 = —— - |
' 1i0cc —
NOULVATTE 100d MOAY3SIY {
WOAUISTY ANONINHL WOYLS s
p
|
rg;

Sdd ALIJO0T3A

B20




(Z0°0 = U) 33 Q1€ uotirARDXS ‘SO (000‘09 = O uolieasuad

ATOAI8S9Y puouanyl woals o3 saytrjoad aoejans-1s3em *g1d 2anbiy
S3ITIW 3INVISIQ
v o'y S°E 0'€E 52 o2 (= 4 o'l G- 0°0
| Y ) | P a1 Y 1o o Y L | Y il _ 4 4 P 1 rI[L‘u.‘1°NN
DIMIWH] e [
HE oo |
n Wmm -— - cm—— f.onN
— DIMIVHL TINNVHD
DVAIWVL ii0¢cc g !
NOLLVATTI 1004 MOANISTH e
WOAUISIA GNOPRINHL NOULS \ 062
rd
\ - ﬁ
f&) \\\\\>(\>( L00€E
. > |
fllllill\ TS
o=~ e i A" 1
A L R
i - - - - - x -~ 02€
-— —a — —
(0]
x €€
TIATI 30VAUNS WILVM [
3
love

1334 NOILVA3N3

B21




(Z20*0 = U) 33 QT€ UOIlRABDX® ‘SID Q00‘09 = O uorjeasuab
aATOAI9S3Y pucuinyl wolils 03 sa71joad A3100Tap  *pzd 2anb1g

S3ITIW 3ONVLISIA

30vyiIvl

~ 43C  c-emmeeeoo
~J ' 1496 - - -~ - - -
14026 — - ———
! 1482¢ = —— ——

" 140¢€¢C

L]

¢ NOLLVATT3 Y00d HOAYISIY
- WOAYISIY GNOMUINHL NOYL'S

Sdd4 ALIOJ0T3A

2T

B22




